The aim of this study was to examine the impact of inside temperature and relative humidity, ventilation rate and gas concentrations (NH3, N2O, CO2) on odour emissions from deep-litter piggery. The studied facility had temperature-controlled mechanical ventilation. The measurements were conducted from March to June 2014. During the research, selected microclimate parameters, as well as number and mass of animals were monitored and air samples were collected (two samples of air in each series of measurements). Temperature and relative humidity were measured using Testo 435-4 multifunctional measuring instrument. To measurements of gas concentrations was used the photo-acoustic spectrometer Multi Gas Monitor Model 1312. The concentration of odours in the air samples was determined by dynamic olfactometry with the TO 8 olfactometer, according to PN-EN 13725:2007. The odour concentration ranged from 450 to 2004 ouE · m -3 (mean 1048 ouE · m -3 ) and the mean odour emission factor was from 5.76 to 46.79 ouE · (s · pig) -1 (mean 20.93 ouE· (s · pig) -1 .The statistical analysis showed that the inside temperature explained most of the variability of the odour concentration and the relationship was described by equation: cod = 5634 -197 Tinside (R 2 = 0.82, p ≤ 0.05). For odour emission factor, two parameters: the inside temperature and ventilation rate, explained most of the variability, according to the equation: EFod = 108 + 1939 VR -5.5 Tinside (R 2 = 0.81, p ≤ 0.05).
Introduction
Agriculture is one of the economy sectors, whose main role is to provide plant and animal products. Activity in this sector is associated with a negative impact on the environment. Intensive livestock farming causes many serious threats, which are not limited only to the farming area [1, 2] . One of them is the odour emission. Unpleasant and onerous odours, arising from the livestock production, are the main reason of discomfort for people living close to pigs, cattle or poultry farms [3, 4] . Besides causing the discomfort of people, odours may affect their mood and behaviour [5] . Human reaction to the odours depends on: the amount and character of odours, the distance between inhabited area and the source of emissions, weather conditions, topography and individual sensitivity and tolerance [6] .
Hardwick [7] showed that approximately 50 % of all the odour complaints associated with agriculture were a result of the land application of manure, with the remaining complaints split 20 % to manure storage and 30 % to the production buildings. The formation of odorants is due to microbial activity, especially the incomplete anaerobic decomposition of organic matter, particularly proteins and carbohydrates, in the animal faeces [8, 9] . Many factors may affect the odour emissions from livestock buildings: animal species and their age, activity of the animals, housing system, type of feed and microclimatic conditions in livestock buildings [10] [11] [12] . One of the factors which can be controlled is microclimate, so microclimate control may be a way to reduce odour emissions. This requires determining which of the microclimate parameters and how strongly affect the odour quality of air in the livestock buildings. Due to a lot of factors affecting the microclimate parameters, the identification is difficult. Thereby controlling of microclimate parameters and observation of their effect on the concentration of odours still require further studies.
The aim of this study was to examine the impact of inside air temperature, relative air humidity, ventilation rate and gas concentrations (NH 3 , N 2 O, CO 2 ) on odour emissions from pig facility in spring.
Material and methods

Research object
The study about the impact of selected microclimate parameters on odour emissions from piggery was carried out from March to June 2014. The measurements were made in the 10-rooms deep-litter piggery ( Fig. 1) , where pigs were fattened in 3.5-month open cycle (25-110 kg) . Measurements were carried out in one of the rooms, which had two pens, each for 50 pigs. The area per pig was equal to 0.77 m 2 · pig -1 . The piggery was equipped with a mechanical negative pressure ventilation system, which was controlled by temperature. The studied room was ventilated by two fans with a maximum efficiency of 6250 m 3 · h -1 each (maximum ventilation rate per pig 125 m 3 · (h · pig) -1 . 
Air sampling
During the study, 14 series of measurements were made and 28 air samples were collected in piggery. The sampling point was located close to the ventilation duct removing air from the building (Fig. 2 ). In the morning between 9:00 and 11:00, two air samples were collected in piggery, for each series of measurements. The sampling time was 5 minutes.
The air was collected to disposable 8 dm 3 bags made of Nalophan (PET) using the ECOMA CSD30 sampler. 
Microclimate parameters
To determine the effect of microclimatic conditions inside the piggery on the concentration and emission of odours, the air temperature and relative humidity, ventilation rate and concentration of selected gases (NH 3 , N 2 O and CO 2 ) were monitored inside the building. The ammonia is one of the strongest odorants in piggeries, and the nitrous oxide even in low concentration disrupts the human nervous system and can affect the human sense of smell [13, 14] . The carbon dioxide concentration is the indicator of ventilation efficiency [15] . The Testo 435-4 multifunctional measuring instrument was used to measure temperature and relative humidity (accuracy 0.2 °C and 2 %, respectively). The ventilation rate was determined on the basis of the momentary percentage fans efficiency provided by the SK-1D2M climate controller (Wesstron, Poland) and the characteristics of fans. Gas concentrations were measured every minute during the air samples collection and at the same point, where air samples were collected. The photo-acoustic spectrometer Multi Gas Monitor Model 1312 was used to measure the concentration of studied gases ( Fig. 3 ). It was equipped with the filters: type UA 0976 for NH 3 (detection limit -0.15 mg · m -3 ), type UA 0985 for N 2 O (detection limit -0.06 mg · m -3 ) and type UA 0983 for CO 2 (detection limit -9.89 mg · m -3 ). 
Odour concentration
The air samples were analysed within 24 hours from the collection in accredited olfactometric laboratory of the Institute of Technology and Life Sciences in Poznan. The concentration of odours was determined using dynamic olfactometry and TO 8 olfactometer, according to PN-EN 13725:2007 [16] . Each time, the assessment of odour concentration was carried out by the same team of four experts. This team has been selected basing on the result of marking individual odour threshold using n-butanol as a gas indicator. The method yes/no was used for the assessment of the odour concentration.
Odour emission
Momentary odour emission rate E od [ou E · s -1 ] from studied piggery was calculated as the product of the odour concentration c od [ou E · m -3 ] and the ventilation rate VR [m 3 · s -1 ], according to the following equation:
The value c od used for analysis was the geometric mean of odour concentration in two samples. The calculated momentary odour emission was gross value (concentration of odours in inlet air was negligibly low). In order to examine the effect of microclimate parameters on odour emission, the odour emission factor EF od [ou E · (s · pig) -1 ] was usedthe odour emission expressed per pig. The mean body mass of the pig, in each measurement day, was the arithmetic mean of mass of 10 randomly selected pigs.
Statistical analysis
The statistical analysis was made using the Statistica 12 software. The analysis of measured data was carried out by means of multiple regressions. The dependent variables were odour concentration and odour emission factor. The total number of independent variables considered in the regression analysis was six: inside air temperature, inside relative air humidity, ventilation rate and concentrations of NH 3 , N 2 O and CO 2 . However, the effects of all parameters were not necessarily significant. A stepwise procedure (backward elimination) was used on all possible subset regressions. The regression models were then arranged in a decreasing order of adjusted determination coefficient, R 2 .
Results and discussion
Microclimate parameters
During the research the number of pigs in studied room was close to nominal livestock density and ranged from 99 to 101 pigs. The mean body mass of one pig was equal to 63.6 kg (41.3-85.2 kg). The mean values of selected microclimate parameters, measured at 14 measurement series, are presented in Table 1 .
Thermal conditions in fattening house depended on the outside temperature. The inside temperature was higher than the theoretical optimum temperature (12-18 °C) . Relative humidity was also higher than the optimal value (60-70 %) [17] . It results from the specific conditions in deep-litter piggeries. The exothermic processes occurring in the fermenting litter raised its temperature, causing the increased release of water vapour. The air cooling systems usually are not used in commercial pig houses, in temperate climate. Generally, the value of CO 2 concentration was lower than the limit value -5280 mg · m -3 , which indicates proper operation of the ventilation system [17] . 
Odour concentration
In the studied period the values of odour concentration varied from 450 ou E · m -3 to 2004 ou E · m -3 and the mean was 1048 ou E · m -3 ( Table 2 ). The changes of odour concentration were opposite to temperature changes in studied piggery. High odour concentrations were noted when the inside temperature was low, and during warm days the odour concentration was quite low. There are only few papers about odour concentration in deep-litter systems for pigs. Wang et al. [18] conducted study in experimental room and noted mean odour concentration -67.5 ou E · m -3 . Rzeznik et al. [19] measured odour concentration in commercial deep-litter piggery. The mean value was 413 ou E · m -3 . Presented values are very varied. However, this is quite normal variation in sensory analyses [20] . Additionally for litter systems, the differences in odour concentration may be due to many factors: the type and amount of litter, bedding frequency, animal activity, temperature of air and litter, relative air humidity, etc.
The simple correlation analysis between the odour concentration and measured microclimate parameters was made. The test showed that the odour concentration statistically significantly depend on all measured microclimate parameters (p ≤ 0.05) (Fig. 4) . It was not necessary to use many independent variables (multiple regressions) to explain the most of the variability of odour concentration. The best adjustment had the model using the inside air temperature. A statistical relationship between odour concentration and indoor temperature was described by the equation:
= 5634 − 197 ( = 0.82, ≤ 0.05) (2) The impact of microclimate parameters on the odour concentration has been studied earlier, mainly in non-litter systems. However, the scope and the results of research are varied. The results similar to this study were obtained by Guo et al. [21] . They conducted annual research for pigs kept in fully-slatted systems and analysed the effect of air temperature and CO 2 concentration. They showed a negative correlation of the odour concentration with the inside air temperature and the positive with the CO 2 concentration. Zhou and Zhang [22] measured odour concentration and emission in ten pig houses for dry-sows, farrows and they also observed the relation between temperature and odour concentration. In other study, Guo et al. [23] analysed the diurnal variations of odour concentration in fully-slatted fattening houses. They observed no relationship between the concentration of odours and the air temperature, and ventilation rate. The effect of inside temperature and relative air humidity was studied by Choi et al. [24] . Their experiments were performed in a non-litter, solid floor pig house in January and February. The piggery was equipped with a negative pressure ventilation system and the fans operated continuously at the minimum flow rate to mainly control moisture and airborne particulates. The obtained values of correlation coefficient of odour concentration with inside temperature R = 0.62 and with relative humidity R = -0.43 were lower than in this study. Furthermore the directions of the relationships were different than in this study. It may be the effect of ventilation system settings. During the measurements in climate chambers, where pigs were kept in deep-litter and fully-slatted system, Wang et al. [18] noted a strong positive correlation between the concentration of odours and air temperature, but they did not confirm the impact of ventilation rate on the odour concentration. The direction of the correlation of odour concentration and temperature could be due to constant level of ventilation rate (coefficient of variation was from 1.1 to 4.1 %). Hugle and Andree [25] studied the temperature and odour emissions from liquid manure. They noted that increasing slurry temperature from 10 to 20 °C or 30 °C led to a four or five-fold increase in odour concentration. Sun et al. [26] conducted long-term research on odour emission from fully-slatted piggery. They noted that the simple correlations between odour concentration and microclimate parameters (inside temperature, ventilation rate, CO 2 concentration) were not statistically significant and they built the mathematical model based on more variables. This model was well-fitted to empirical data (R 2 = 0.67), but to get good adjustment (R 2 ≥ 0.60) it was necessary to use the animal body mass as the additional variable. Yao et al. [27] studied the effect of microclimate on odour compounds concentration: NH 3 -ammonia, DMS-dimethyl sulphide, DMDS-dimethyl disulphide. The direction and the strength of these relationships changed during year. The whole year correlations of odour compounds with temperature were low: R = -0.35 for NH 3 , R = -0.23 for DMS and R = -0.21 for DMDS (p ≤ 0.05). The correlation coefficients between studied odour compounds and relative humidity were also low and not statistically significant. In conclusion they stated that the relationship between microclimate variables and odorous compounds is not clear. Yao et al. [28] conducted research on volatile organic compounds emitted from swine house. The concentrations of the odorous compounds were correlated negatively with microclimate parameters: inside temperature and ventilation rate.
Odour emission factor
The values of odour emission factor varied widely during studied period. It was from 5.76 ou E · (s · pig) -1 to 46.79 ou E · (s · pig) -1 and mean value equalled to 20.93 ou E · (s · pig) -1 (Table 3) . This value is similar to results of measurements conducted in commercial deep-litter piggeries by Rzeznik et al. [19] . The mean odour emission factor for finishers was 16.93 ou E · (s · pig) -1 . Guingand and Rugani [29] measured odour emission from deep-litter system in experimental rooms and emission factor calculated by them was 48.55 ou E · (s · pig) -1 . Higher value may be due to many parameters e.g.: settings of ventilation system, animal diet, type and amount of litter, weather conditions. Table 4 Best subset regressions (with higher adjusted R 2 ) for odour emission factor, depending on the number of the independent variables included in the model The simple correlation analysis did not show the relationship between odour emission factor and studied microclimate parameters. The values of correlation coefficient for all parameters were lower than 0.32 and they were not statistically significant (p ≤ 0.05).
To explain the most of the variability of the odour emission it was necessary to use more independent variables (multiple regressions). Table 4 shows the combination of independent variables (for a different number of variables from 1 to 6 included in the model) with higher adjusted R 2 , for odour emission factor as dependent variable. Using more independent variables resulted in better adjustment of the mathematical model to empirical data. However, the inclusion of one new variable did not improve the adjusted R 2 substantially (Table 4 ). This can occur, either because the effect of the variable is small, or because it is highly correlated with one variable that is already included in the model. According to Table 4 , two microclimate parameters -inside temperature and ventilation rate explained most of the variability of the odour emission factor. A statistical relationship between odour emission factor and those two statistically significant parameters (p ≤ 0.05) was described by the equation:
= 108 + 1939 − 5.5 ( = 0.81, ≤ 0.05) (3) There are only a few available papers describing the studies concerning the impact of microclimate parameters on the odour emission, but all of them were conducted in nonlitter piggeries. Schauberger et al. [30] found a positive correlation between the inside air temperature and the ventilation rate with odour emissions. According to their calculations, the temperature increase of 10 °C (from 20 to 30 °C) resulted in 37 % increase of odour release. Similar conclusions were presented by Le et al. [31] , who studied the effect of environmental factors on odour emissions from pig manure, in laboratory scale. Guo et al. [21] showed that none of the analysed parameters affected odour emission factors. Romain et al. [32] studied the impact of ventilation rate on odour emission in fully-slatted piggery and they showed that there was no interrelation between them. Miller et al. [33] found that odour emissions decreased as temperature and relative humidity increased after monitoring 26 swine houses on 10 farms. Sun et al. [26] built the mathematical model of odour emission, where the variables were microclimate parameters (inside air temperature and ventilation rate) and animal body mass. The adjustment of model to experimental data was high (R 2 = 0.85) for partially-slatted piggery, but for fully-slatted floor the coefficient of determination was much lower (R 2 = 0.41).
The results obtained in this study may be helpful in preparing strategies to reduce the odours from pig fattening houses and in monitoring the odour concentrations based upon the microclimate parameters in commercial pig farms. However, this work focused only on one type of pig production group and one type of housing system. Therefore, it will be necessary and beneficial to continue the research in other types of pig houses in the future.
Conclusions
The following conclusions have been formulated upon the research: − The mean odour concentration in studied deep-litter piggery was 1048 ou E · m -3 (450-2004 ou E · m -3 ) and the mean odour emission factor equaled to 20.93 ou E · (s · pig) -1 (5.76-46.79 ou E · (s · pig) -1 ). − The odour concentration was correlated statistically significantly (p ≤ 0.05) with all studied microclimate parameters: inside air temperature (R = -0.91), inside relative air humidity (R = 0.71), ventilation rate (R = -0.62), NH 3 (R = 0.79) , N 2 O (R = 0.66) and CO 2 (R = 0.84) concentration.
− The statistical analysis showed that the inside temperature explained most of the variability of the odour concentration and the relationship was described by the equation: c od = 5634 -197 T inside (R 2 = 0.82, p ≤ 0.05). − The most of the variability of the odour emission factor was explained by the inside temperature and ventilation rate and their relationship is given by the equation: EF od = 108+1939 VR -5.5 T inside (R 2 = 0.81, p ≤ 0.05).
